Abstract Background/Aims: It is well documented that overexpression of EMMPRIN (extracellular matrix metalloproteinase inducer) and MMPs (matrix metalloproteinases) by monocytes/ macrophages plays an important role in atherosclerotic plaque rupture. Green tea polyphenol epigallocatechin-3-gallate (EGCG) has a variety of pharmacological properties and exerts cardiovascular protective effects. Recently, the 67-kD laminin receptor (67LR) has been identified as a cell surface receptor of EGCG. The aim of the present study was to evaluate the effects of EGCG on the expression of EMMPRIN and MMP-9 in PMA-induced macrophages, and the potential mechanisms underlying its effects. Methods: Human monocytic THP-1 cells were induced to differentiate into macrophages with phorbol 12-myristate 13-acetate (PMA). Protein expression and MMP-9 activity were assayed by Western blot and Gelatin zymography, respectively. Real-time PCR was used to examine EMMPRIN and MMP-9 mRNA expression. Results: We showed that EGCG (10-50µmol/L) significantly inhibited the expression of EMMPRIN and MMP-9 and activation of extracellular signal-regulated kinase 1/2 (ERK1/2), p38 and c-Jun N-terminal kinase (JNK) in PMA-induced macrophages. Downregulation of EMMPRIN by gene silencing hindered PMA-induced MMP-9 secretion and expression, indicating an important role of EMMPRIN in the inhibition of MMP-9 by EGCG. Moreover, 67LR was involved in EGCG-mediated suppression of EMMPRIN and MMP-9 expression. Anti-67LR antibody treatment led to abrogation of the inhibitory action of EGCG on the expression of EMMPRIN and MMP-9 and activation of ERK1/2, p38, and JNK. Conclusion: Our results indicate that EGCG restrains EMMPRIN and MMP-9 expression via 67LR in PMAinduced macrophages, which also suggests that EGCG may be a possible therapeutic agent for stabilizing atherosclerotic plaque.
Introduction
Acute coronary syndrome (ACS) refers to a range of acute myocardial ischaemic states, which includes unstable angina and acute myocardial infarction (AMI) with or without ST elevation. Most of the acute coronary syndromes are considered to result from plaque rupture and coronary thrombosis [1] . Numerous reports have shown that this rupture depends on the destruction of the extracellular matrix (ECM) by MMPs [2] . MMP-9, one of the most prevalent MMPs produced by monocytes/macrophages, is highly expressed in the vulnerable regions of advanced atherosclerotic plaque, and it has been suggested it is associated with plaque progression and destabilization [3] [4] [5] [6] .
Basigin (CD147), a member of the immunoglobulin superfamily, was initially found on the membranes of tumor cells [7] . CD147 was shown to have the ability to induce the synthesis of MMPs, and was renamed EMMPRIN (extracellular matrix metalloproteinase inducer) [8, 9] . EMMPRIN was found to stimulate MMP-9 expression in monocytes and MMP-2 activity in human smooth muscle cells [5, 10] . Furthermore, overexpression of EMMPRIN was observed in inflammatory disease such as lung inflammatory disease, rheumatoid arthritis and chronic liver disease [11] [12] [13] . In recent years, a significant amount of evidence has documented the pivotal role of EMMPRIN in the complex processes of atherosclerosis and acute atherosclerothrombosis [14] . EMMPRIN was reported overexpressed in human atherosclerotic plaques, and was colocalized with macrophages/monocytes [15] . In addition, CD147 expression on the surface of circulating monocytes was significantly upregulated in patients with acute coronary syndrome [5, 16] .
Green tea is a commonly consumed beverage throughout the world. Regular consumption of green tea is associated with reduced risk of cardiovascular diseases and cancer [17, 18] . Green tea leaves are a rich source of extractable polyphenols, commonly known as catechins. These catechins are mainly comprised of (-)-epigallocatechin-3-gallate (EGCG), (-)-epicatechin (EC), (-)-epigallocatechin (EGC), and (-)-epicatechin-3-gallate (ECG). EGCG, the most abundant and active compound, exhibits a wide range of biological and pharmacological properties, such as anticancer, antioxidant, anti-inflammatory and antiatherosclerotic activities [17, 18] . Recently, the 67-kDa laminin receptor (67LR), a nonintegrin-type cell surface-associated receptor, has been identified as a cell surface receptor of EGCG [19] and plays a central role in the anticancer [20, 21] and anti-inflammatory effects of EGCG [22] [23] [24] . We also found that EGCG inhibited tumor necrosis factor-α (TNF-α)-induced monocyte chemo attractant protein-1 (MCP-1) expression in HUVECs through 67LR [25] .
Some studies have shown the antiatherosclerotic activity of EGCG. However, the effect of EGCG on atherosclerotic plaque stability is unclear. EMMPRIN and MMP-9 expressed by monocytes/macrophages can promote instability of atherosclerotic plaque, inhibition of EMMPRIN and MMP-9 expression is therefore interesting for the aim of stabilization of atherosclerotic plaque. In the present study, we aimed to elucidate the effects and underlying molecular mechanisms of EGCG on the expression of MMP-9 and EMMPRIN in PMA-induced macrophages. Moreover, we assessed the involvement of 67LR in the downregulation of EMMPRIN and MMP-9 by EGCG.
Materials and Methods

Cell Culture and Treatment
Human monocytic cell line THP-1 was obtained from American Type Culture Collection (ATCC, Manassas, VA, USA). The cells were maintained at a density of 1 × 10 6 /ml in RPMI 1640 medium (Life Technologies, Carlsbad, CA, USA) containing 10% FBS (Hyclone, Logan, Utah, USA) and 1% pen/strep solution at 37°C in a 5% CO2 incubator. To induce macrophage differentiation, THP-1 cells were cultured in six-well plates in the presence of 100 nM PMA (Sigma, Louis, MO, USA) for 48 hours [26] . EGCG, PD98059, SB203580, and SP600125 were purchased from Sigma Company (Louis, MO, USA). The cells were pretreated with EGCG (10, 25, and 50 μM), PD98059, SB203580, and SP600125 for 1 hour, then cultured with PMA for another 48 hours. For the blockage of 67LR, cells were pre-incubated with 67LR-blocking antibody (clone MluC5; 20 μg/ml; Thermo Fisher Scientific, Waltham, MA, USA) or control mouse IgM (20 μg/ml) for 1 hour before the treatment of EGCG.
Determination of cell viability
The cytotoxicity of EGCG on PMA-induced macrophages was examined using the Cell Counting Kit-8 Assay Kit (Dojindo Laboratories, Kumamoto, Japan). PMA-induced macrophages were seeded in 96-well plates at 1 × 10 4 cells/well. Twenty-four hours later, the cells were incubated with EGCG at increasing concentrations (0 to 100 uM) for 48 hours. After 10 μl CCK-8 solution was added to each well and incubated for 4 hours, the absorbance at 450 nm was measured using Synergy 2 microplate reader (BioTek, Winooski, VT, USA). The viability of PMA-induced macrophages was determined according to the manufacturer's instructions.
RNA isolation, cDNA synthesis and real-time PCR Total cellular RNA was isolated from PMA-induced macrophages using Trizol reagent (Invitrogen, Carlsbad, CA, USA) according to the manufacturer's instructions and reverse-transcribed into cDNA using the Reverse Transcription Kit (Takara, Dalian, China). The real-time polymerase chain reaction (PCR) was carried out using the ABI 7900 Real Time PCR apparatus with Power SYBR green PCR Master Mix (Applied Biosystems, Foster, CA, USA). The primer sequences are shown in Table 1 . The conditions for quantitative real-time PCR were: 95°C for 10 minutes, then 40 cycles at 95°C for 15 seconds, and 60°C for 1 minute, and a final extension of 95°C for15 seconds, 60°C for 1 minute and 95°C for 15 seconds. The expression levels of target genes were normalized against the GAPDH level.
Small-interfering RNA-mediated gene silencing of EMMPRIN
Small-interfering RNA (siRNA) for EMMPRIN [sense, 5'-GCACAGUCUUCACUACCGUTT-3'; antisense, 5'-ACGGUAGUGAAGACUGUGCTT-3'] and scrambled control siRNA were designed by Invitrogen (Carlsbad, CA, USA). The siRNA were transfected into THP-1 cells by using the Lipofectamine-3000 (Invitrogen, Carlsbad, CA, USA). The cells were incubated with the siRNA for 48 hours prior to treatment with PMA and were then analyzed by Western Blot.
Protein isolation and Western blot analysis
Treated THP-1 macrophages were harvested and lysed. Cell lysates were incubated on ice for 30 minutes followed by centrifugation for 20 minutes at 12,000 rpm, 4°C. The protein concentration of the cell extracts was measured using the BCA Protein Kit Assay (Takara, Dalian, China). Protein extracts were electrophoresed through 12% polyacrylamide gels and transferred onto polyvinylidene difluoride (PVDF) membranes. The membranes then were blocked with 5% BSA in TBST buffer (10 mM Tris, pH 7.5, 150 mM NaCl, and 0.05% Tween-20) for 2 hours at room temperature followed by incubation overnight at 4°C with primary antibodies for EMMPRIN (Abcam, Cambridge, UK), MMP-9, phospho-ERK1/2, ERK1/2, phospho-p38, p38, phospho-JNK, JNK, GAPDH (Cell Signaling Technology, Boston, MA, USA) and 67LR (Thermo Fisher Scientific, Waltham, MA, USA). After washing 3 times for 10 minutes each in TBST, the membranes were incubated with horseradish peroxidase-conjugated anti-rabbit (Biosynthesis, Beijing, China) or anti-mouse (Santa Cruz, Dallas, TX, USA) secondary antibodies at room temperature for 1 hour. Lastly, membranes were Table 1 . Primers of EMMPRIN, MMP-9 and GAPDH for Real-time PCR washed 3 times for 10 minutes each in TBST and developed with enhanced chemiluminescence. The immunoreactivity was detected using ChemiDoc XRS Imaging System (BioRad, Hercules, CA, USA).
Gelatin zymography THP-1 cells were seeded at a density of 3 × 10 5 cells per well in 6-well plate. Cells were incubated in serum-free medium with or without
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Cellular Physiology and Biochemistry Cellular Physiology and Biochemistry EGCG (10, 25 and 50 μM) for 1 hour, and then cultured with PMA for another 48 hours. Culture supernatants were collected, and 10 μl aliquots of the culture supernatant were electrophoresed through 10% polyacrylamide gels containing 1 mg/ml gelatin. After electrophoresis, the gels were washed twice for 15 minutes each with 2.5% Triton X-100 at 37°C and were then immersed in developing buffer (10 mM Tris Base, 40 mMTris-HCl, 200 mMNaCl, 10 mMCaCl2, 0.02% Brij 35) for 11 hours at 37°C. Subsequently, the gels were stained for 2 hours with 0.5% Coomassie Blue R-250 followed by treatment with destaining buffer (50% methanol, 10% glacial acetic acid, 40% water). A clear white band showing MMP-9 activity was detected against a blue background. The gels were photographed by ChemiDoc XRS Imaging System (Bio-Rad, Hercules, CA, USA).
Statistical analysis
The data were analyzed using SPSS statistics software, version 17.0 (SPSS Inc., Chicago, IL, USA). Data were expressed as mean ± standard deviation (SD). Statistical significance was assessed by one-way ANOVA or Student's t-test. It was considered statistically significant when the P-value was less than 0.05.
Results
Cell differentiation and cytotoxicity of EGCG THP-1 cells grew as a single-cell suspension. After treatment with 100 nM Phorbol 12-myristate 13-acetate (PMA) for 48 hours, THP-1 cells were differentiated into adherent macrophages (Fig. 1a, b) . The structure of EGCG used in this study is shown in Fig. 1c . We performed a CCK-8 assay to assess the cytotoxicity of EGCG on PMA-induced macrophages. The cells were treated with a concentration of EGCG ranging from 0 to 100 μM for 48 hours. As shown in Fig. 1d , EGCG up to 50μM did not lead to significant changes in cell viability. Therefore, we chose the EGCG dose less than 50 μM for this experiment.
Effect of EGCG on MMP-9 expression and activity
Real-time PCR and Western blot were used to determine the expression of MMP-9 mRNA and protein, respectively. As shown in Fig. 2a and 2d , MMP-9 mRNA and protein expression were markedly elevated after the exposure of THP-1 cells to 100 nM PMA for 48 hours. However, pretreatment of the cells with the indicated concentrations of EGCG for 1 hour prior to PMA stimulation significantly inhibited MMP-9 mRNA and protein production in a concentration-dependent manner. We further measured gelatinolytic activities of MMP-9 by SDS-polyacrylamide gelatin zymography assay. As shown in Fig. 2b and 2d , MMP-9 enzymatic activity was also inhibited by EGCG in a concentration-dependent manner. PMA-induced macrophages were treated with EGCG at increasing concentrations (0-100 μM) for 48 hours. CCK-8 assay was used to assess cell viability. Cells incubated in a medium without EGCG were defined as a control and considered 100% viable.
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Effect of EGCG on EMMPRIN expression
Considering EMMPRIN can induce the synthesis of MMP-9 and plays an important role in plaque rupture, we also investigated the effect of EGCG on EMMPRIN expression. The expression of EMMPRIN mRNA and protein were assayed by Real-time PCR and Western blot, respectively. Our results showed that EGCG significantly suppressed the expression of EMMPRIN mRNA and protein in a dose-dependent manner (Fig. 2a, c) , which were similar to the inhibitory effect of EGCG on MMP-9 mRNA and protein expression.
Involvement of CD147 in EGCG-mediated inhibition of MMP-9 expression
We further investigated the relevance of EMMPRIN within the inhibitory action of EGCG on MMP-9 expression and activity. EMMPRIN gene silencing was performed using siRNA as described in Methods. As shown in Fig. 3a and 3c , EMMPRIN expression was lowered in PMAinduced macrophages transfected with siRNA, and EMMPRIN gene silencing suppressed EMMPRIN expression to a similar extent with EGCG (50μM). Furthermore, downregulation of EMMPRIN by gene silencing significantly reduced MMP-9 expression and enzymatic activity in PMA-induced macrophages. MMP-9 expression and activity were inhibited by 50.3% (± 14.0%) and 41.5% (± 12.3%), respectively (Fig. 3b, d ). Taken together, these results indicate that the reduction of MMP-9 expression and activity is primary due to the down-regulation of EMMPRIN by EGCG.
Effect of EGCG on MAPK signaling pathways
Previous studies have shown that MAPK signaling pathways (ERK1/2, p38, and JNK) are stimulated by PMA [27, 28] . In order to determine whether these kinases were involved in the up-regulation of EMMPRIN and MMP-9 expression, we examined the effect of PD98059 (PD, ERK1/2-specific inhibitor), SB203580 (SB, p38-specific inhibitor), and SP600125 (SP, are involved in the MMP-9 production stimulated by PMA, and ERK1/2 and p38 pathways are necessary for EMMPRIN expression. We then investigated the effects of EGCG on the activation of MAPK signaling pathways in PMA-induced THP-1 cells. The phosphorylation of ERK1/2, p38 and JNK was determined by Western blot using specific antibodies. THP-1 Fig. 5 . EGCG inhibits the activation of ERK1/2, p38, and JNK pathways in PMA-induced THP-1 cells. THP-1 cells were pretreated with EGCG at increasing concentration (10-50µM) for 1 hour, followed by PMA for 5 minutes. (a) Western blot analysis was carried out using specific anti-bodies to phospho-ERK1/2, ERK1/2, phospho-p38, p38, phospho-JNK, JNK and GAPDH. (b) Quantification of the Western blot data was carried out by densitometric analysis using Image Lab software, and the ratio of phosphorylated protein/total protein was shown. The expression of GAPDH was used for protein level normalization. Data represent mean ± S.D. of three independent experiments. ##: P < 0.01 vs control (con) group, *: P < 0.05 vs PMA group, **: P < 0.01 vs PMA group. of at least three independent experiments. ##: P < 0.01 vs control (con) group, *: P < 0.05 vs PMA group, **: P < 0.01 vs PMA group. n.s.: P > 0.05 vs PMA group.
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cells were pre-incubated with different concentrations of EGCG for 1 hour, and then treated with PMA for another 5 minutes [27, 30] . As shown in Fig. 5 , EGCG significantly inhibited the activation of ERK1/2, p38, and JNK pathways.
67LR is involved in EGCG-mediated inhibition of EMMPRIN and MMP-9 expression
We evaluated the expression of 67LR in PMA-induced macrophages, the protein level of 67LR was not affected by treatment with 50 µM EGCG for 48 hours (Fig. 6a) . To explore whether 67LR could mediate the inhibitory effects of EGCG on EMMPRIN and MMP-9 expression in PMA-induced macrophages, THP-1 cells were treated with neutralization antibody against 67LR (20 μg/ml) or control IgM for 1 hour prior to EGCG treatment. As shown in Fig. 6b -e, the blockage of 67LR resulted in abrogation of the inhibitory action of EGCG on EMMPRIN and MMP-9 expression. These results indicate that EGCG suppresses the expression of MMP-9 and EMMPRIN through 67LR.
67LR is involved in EGCG-mediated inactivation of the MAPK signaling pathways
Furthermore, we investigated whether EGCG suppressed PMA-induced MAPK signaling pathways activation through 67LR. THP-1 cells were pre-incubated with 67LR-blocking antibody or control IgM for 1 hour before EGCG treatment. As shown in Fig. 7 , in anti-67LR antibody-treated cells, the inhibitory effects of EGCG on PMA-induced activation of MAPK signaling pathways were attenuated. Our results suggest that EGCG inhibits MAPK signaling pathways through 67LR.
Discussion
Atherosclerosis (AS) has been considered as a chronic inflammatory disease of the arterial wall. Monocytes/macrophages play an important role in all stages of atherosclerosis [31] . In the present study, we found that EGCG (10-50 µmol/L), the most important catechin present in green tea, significantly inhibited the expression of EMMPRIN and MMP-9 in a dose-dependent manner in PMA induced macrophages. Furthermore, these effects were mediated through 67LR and were via the inhibition of ERK1/2, p38, and JNK activation. (a) Western blot analysis was carried out using specific anti-bodies to phospho-ERK1/2, ERK1/2, phospho-p38, p38, phospho-JNK, JNK and GAPDH. (b) Quantification of the Western blot data was carried out by densitometric analysis using Image Lab software, and the ratio of phosphorylated protein/ total protein was shown. The expression of GAPDH was used for protein level normalization. Data represent mean ± S.D. of three independent experiments. ##: P < 0.01 vs control (con) group, *: P < 0.05 vs PMA group, **: P < 0.01 vs PMA group. n.s.: P > 0.05 vs PMA group.
Our previous studies have reported that consumption of green tea is associated with reduced risk of coronary artery disease [32, 33] . Moreover, the antiatherosclerotic effect of green tea was also demonstrated in animal studies [34, 35] . The underlying mechanisms for the protective effects of green tea include antioxidant, anti-inflammatory, antiproliferative, lipid-lowering and vasculoprotective properties of the green tea polyphenols [17, 36] . However, it is not clear whether green tea polyphenol can promote stabilization of atherosclerotic plaque, which has been identified as a new therapeutic goal for preventing acute complications of atherosclerosis [37, 38] . Accumulating evidence now supports the concept that MMPs expression in monocytes and macrophages can promote atherosclerotic plaque rupture [6, 39] . Serum level of MMP-9 in ACS patients was significantly higher than that in patients with stable angina pectoris [40] . Fiotti et al. [41] found that the expression of MMP-9, but not TIMP-1 or MMP-2, was increased in plaques causing ACS. Overexpression of MMP-9 by macrophages in advanced atherosclerotic lesions induced acute plaque disruption in Apoe −/− mice [42] . Therefore, inhibitors of MMP-9 production from macrophages may be useful to prevent plaque rupture. Furthermore, MMP-9 deletion was proved to improve left ventricular function in remodeling myocardium post-MI [43] . In this study, we found that green tea polyphenol EGCG significantly inhibited the expression and activity of MMP-9 in a concentration-dependent manner in PMA-induced macrophages. More importantly, EGCG also inhibited the expression of EMMPRIN, which can induce the synthesis of MMPs and has recently been implicated in the development of atherosclerosis and atherothrombosis [14] . Moreover, downregulation of EMMPRIN significantly inhibited MMP-9 expression and enzymatic activity in PMA-induced macrophages, suggesting that EMMPRIN plays a key role in the inhibitory effects of EGCG on MMP-9 expression and activity. These findings indicate that EGCG is a potential therapeutic candidate for stabilizing atherosclerotic plaque.
Surface expression of 67LR has been found to be a dominant laminin-binding protein expressed in monocytes, neutrophils and macrophages [44] . Recently, this receptor has been identified as a cell-surface EGCG receptor that confers the anti-inflammatory action of EGCG. Several studies have reported that the inhibitory effects of EGCG on TLR2 and TLR4 signaling pathway are exerted through its binding to 67LR [22] [23] [24] 45] . Previously, we also found that EGCG inhibited TNF-α-induced MCP-1 expression in HUVECs via suppression of NF-κB activation, and this effect was mediated by 67LR [25] . To our knowledge, no information is available concerning the 67LR-mediated effect of EGCG on MMP-9 and EMMPRIN expression. Here we showed, for the first time, that 67LR-blocking antibody blocked EGCG from the inhibitory effect on MMP-9 and EMMPRIN expression in PMA-induced macrophages, suggesting that EGCG may mediate this effect through 67LR. Taken together, these results indicate that 67LR may play an important role in the antiatherosclerotic and plaquestabilizing effects of EGCG.
As revealed in this study, PMA enhanced the phosphorylation of three major classes of MAPK signaling pathways, including ERK1/2, p38, and JNK. We found that the activation of ERK1/2, JNK and p38 pathways was involved in PMA-induced MMP-9 expression. Moreover, p38 and ERK pathways were involved in the upregulation of EMMPRIN expression, while JNK pathway was apparently uninvolved. These results agree well with the findings of Cao J et al. [28] . In previous studies, it has been demonstrated that 67LR, as a cell-surface EGCG receptor, mediates the inhibitory action of EGCG on the activation of MAPK pathways in LPS-induced dendritic cells [22] and endothelial cells [23] . Nonetheless, the relationship between 67LR and the inhibitory action of EGCG on MAPK pathways activation in PMAinduced human THP-1 macrophages remains unclear. Our data then showed that EGCG significantly inhibited PMA-induced phosphorylation of ERK1/2, p38 and JNK, suggesting that EGCG inhibits EMMPRIN and MMP-9 expression by regulating MAPK pathways in PMAinduced macrophages. Additionally, we found that anti-67LR antibody treatment resulted in abrogation of the inhibitory action of EGCG on PMA-induced activation of ERK1/2, p38, and JNK pathways. Our findings suggest that 67LR is responsible for mediating the inhibitory effect of EGCG on MMP-9 and EMMPRIN expression in PMA-induced macrophages and participates critically in the cell-surface interaction and MAPK signaling pathways.
